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Abstract Despite a considerable amount of scientific evi-
dence, evolution is still a highly controversial issue in
American education. This review analyzes studies that in-
vestigate the relationship between evolution education, the
nature of science, and religious beliefs in U.S. universities.
We performed a comprehensive literature search focusing
on publications that analyzed and compared at least two of
the following constructs: understanding of evolutionary the-
ory (ET), acceptance of ET, instruction in ET, prior exposure
to ET, religious beliefs, understanding the nature of science,
and understanding of scientific theories. Here, we examine
publications for consistent relationships among constructs
across studies and discuss the most commonly cited educa-
tion strategies for teaching evolution in higher education.
Based on the literature, we find that instruction has a sig-
nificant and positive effect on acceptance and understanding
of ET; acceptance and understanding, however, are not
directly related. We also find that the relationship between
acceptance of ET and religious beliefs is unclear and needs
further research. Through reviewing 15 published studies,
we find that the primary problems associated with under-
graduate evolution education research are: small sample
size, varying methodologies, lack of statistical analysis,
inappropriate use of constructs, and lack of continuity
among studies. This review exposes the need for a unifying
framework and development of experts in this field to in-
vestigate and understand the factors that affect evolution
education at U.S. universities.
Keywords Acceptance . Understanding . Instruction .
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Introduction
Evolution is a central and unifying theme in biology that
provides a foundational framework for explaining a broad
range of intriguing biological questions (National
Academy of Sciences 1999; Rutledge and Mitchell
2002; Scharmann 1993). Why is there an immense di-
versity of organisms on our planet? Why do most organ-
isms have two sexes? Why do seemingly superfluous
creatures like mayflies even exist? Why do some organ-
isms live for a day and others live for a hundred years?
These questions can be sufficiently answered only
through the theory of evolution (Dobzhansky 1973).
Simply stated, this theory describes how populations
change over time due to changes in allele frequencies
(Freeman and Herron 2007). The theory of evolution
describes genetic change in form, function, and behavior
of organisms across generations due to natural selection,
chance (e.g., genetic drift), historical contingencies (e.g., dis-
tributional patterns), and changing environments (National
Center for Science Education 2012).
Despite conclusive scientific evidence supporting evolu-
tionary change, a large percentage of U.S. citizens do not
accept evolution as a scientific theory. The percentage of
U.S. citizens accepting the theory of evolution, for instance,
was only 40% based on a national survey of U.S. citizens’
views toward evolution that was implemented in 2005
(Miller et al. 2006). U.S. citizens also seem to have become
increasingly neutral on this issue since acceptance of evolu-
tion dropped from 45% to 40% while the percentage of
adults rejecting this theory declined from 48% to 39%
between 1985 and 2005. Likewise, the percentage of U.S.
citizens who reported not being sure about the validity of
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evolution increased from 7% to 21% during this time. These
results suggest that U.S. citizens are equally divided
among those who accept and reject evolution with about
one in five persons either remaining undecided or un-
aware of the issue (Miller et al. 2006). Although a large
percentage of U.S. citizens reject or ignore the theory of
evolution, among scientists there is little argument on the
validity of this well-established and supported theory
(American Association for the Advancement of Science
1989; National Academy of Sciences 1999; National
Research Council 1985; Alters and Alters 2001; Alters
and Nelson 2002).
This apparent gap in the layman’s acceptance of evo-
lutionary theory (ET) has been attribute to an inadequate:
(1) understanding of the nature of science, (2) under-
standing of scientific theories, (3) congruence with reli-
gious beliefs (Trani 2004, pp. 1–3); and (4) evolution
education (Wilson 2005; Berkman et al. 2008). Here, we
offer a critical review of the literature on the teaching of
evolution in relation to the religious beliefs of students,
addressing the components described above, with the
exception of evolution’s congruence with religious
beliefs. The philosophical differences between science
and religion have been extensively discussed (e.g.,
Laudan 1988; Smith 2001; Roy 2005; Ratzch 2009)
and extend beyond the issues discussed here. We thus
focus on the understanding of science, scientific theories
and evolution education, and how these components re-
late to the challenge of teaching evolution at the under-
graduate level. Below, we describe these components and
provide the framework to evaluate them.
The Nature of Science
In order for people to accept evolution as a well-
supported scientific theory, they must first understand
the nature of science itself. Science involves two primary
elements: the practice of conducting science and the
knowledge that results from this practice (Reiss 2009).
In practicing science, scientists investigate phenomena
and their resulting explanations through empirical and/or
theoretical evidence. The resulting knowledge should be
testable, falsifiable, repeatable, and unbiased (Flammer
2006; Smith 1994).
The testability of science makes it inherently different
and therefore incompatible with the nature of religion. One
may have faith in a higher being; one cannot objectively and
empirically test, however, for the existence of a higher
being. This does not mean that a higher being does not exist;
it simply means that the scientific process cannot be used as
a tool to examine religious faith (Flammer 2006). Because
science is testable, it also lends itself to being falsifiable.
This indicates that science is tentative and subject to change
in light of new evidence; therefore, scientists should be
open-minded and prepared to alter their knowledge (Reiss
2009; Smith 1994; Cherif et al. 2001). Science must also be
repeatable, indicating that experimental results are verifiable
by others. Repeatability is the foundation for developing
scientific theories (Smith 1994). Lastly, science should be
unbiased; in other words, it should not be subject to the
opinions of scientists, politics, or society (Flammer 2006;
Cherif et al. 2001; Smith 1994; Reiss 2009). A lack of
understanding of the nature of science will inevitably lead
to an ill-formed view of evolution. Without understanding
science, it is impossible to understand scientific theories.
Scientific Theories vs. Colloquial Theories
Scientific theories are vastly different from the layman’s col-
loquial use of the word theory. To the layman, a theory is
simply a guess or hypothesis that tries to explain an observed
phenomenon (Trani 2004); a scientific theory, however, is an
explanation of a natural phenomenon based on a large amount
of scientific evidence. In addition to being explanatory, scien-
tific theories also have the ability to predict future events. This
predictive power is the result of an explanation based on a
unity of well-established knowledge (Smith 1994). In other
words, scientific theories are able to explain and predict natural
phenomena because they are based on a multitude of scientific
studies. A scientist accepts a theory based on empirical evi-
dence that adequately validates the overall concept—his/her
views are not to be tainted by opinions, personal religious
convictions, or beliefs (Smith 1994). Scientific theories, how-
ever, are based on scientific evidence, and science is subject to
change; therefore, scientific theories can be modified, or even
falsified, if there is enough evidence to support a change in
paradigm (Reiss 2009; Smith 1994; Cherif et al. 2001). The
theory of evolution is a well-established scientific theory and
has been validated by a vast number of studies in varying
academic areas such as biology, geology, paleontology, etc.
Even though evolution is an established scientific theory,
people often struggle to understand and accept it while other
scientific theories, like gravity, are rarely questioned.
Although not surprising, this dichotomy reflects an impor-
tant difference between the components necessary for un-
derstanding and acceptance of ET compared with other
scientific theories. The theory of gravity is confirmed on a
daily basis through first-hand experience. In contrast, the
theory of evolution is more elusive, and its understanding
requires attention to empirical evidence and inference pro-
cesses. In addition, ET conflicts with the worldview of many
people. Understanding how science works is thus essential
for students learning about theories such as evolution that
may be perceived as being in direct conflict with their belief
system (Scharmann 1990, 1993; Sinclair et al. 1997; Nelson
2000; Alters and Nelson 2002; Sinatra et al. 2003).
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Consistently, Nelson (2000) suggests that many students
view publically controversial theories as weaker than scien-
tific theories that are not controversial. This may be due to a
lack of integrative knowledge between scientific disciplines
and the inability to discern the strengths of scientific ideas
(Nelson 2000). Ultimately, this reiterates the necessity to
establish a strong understanding of the nature of science.
The relevance of having such solid foundation is supported
by Shtulman and Valcarcel’s (2012) work on students’ ten-
dency to retain naive (colloquial) theories even after they
have learned the science behind the theory. By having a
better understanding of the nature of science at a young age,
for instance, students may be able to more readily accept
publicly controversial scientific theories and find reconcili-
ation between such theories and their worldview. The criti-
cal value of understanding the nature of science can and
should be addressed in public education.
Evolution Education
The open controversy of evolution education in public
schools began in 1925 when John Scopes, a biology teacher
in Tennessee, gave his students a reading assignment
concerning Darwinian evolution. At that time, the Butler
Act prohibited the teaching of evolution in Tennessee
schools. Scopes’ reading assignment was in direct violation
of the law; therefore, he was taken to trial, convicted, and
fined $100. Although this battle for evolution education was
lost, it prompted the war to include evolution in public
education. The Butler Act was finally dismissed in 1968
when it was declared unconstitutional by the U.S. Supreme
Court on the basis of separation of church and state
(Freeman and Herron 2007). Today, science learning objec-
tives for primary and secondary education are at the mercy
of state education agencies, subject to a level of educational
bias based on state politics and religious groups. State
agencies, however, are monitored by the state academies
of science and the National Center for Science Education
which allows for some emphasis to be placed on ET, even
though learning objectives may vary in detail and quality for
each state (Berkman et al. 2008).
The low percentage of U.S. citizens that accept evolution as
a valid scientific theory (Miller et al. 2006) suggests that U.S.
education systems are not adequately representing and teach-
ing this well-established theory to students. This assumption
has been tested by multiple studies conducted on K-12 teach-
ers’ and students’ acceptance and understanding of evolution
(e.g., Sinclair and Baldwin 1995; Lawson andWornsop 1992;
Zimmerman 1987; Rutledge and Mitchell 2002; Trani 2004);
fewer studies, however, have been conducted at the university
level. U.S. undergraduates are an important population be-
cause they are being trained to be our nation’s future policy
makers, business owners, educators, etc. According to the
U.S. Census Bureau (2004), approximately half of all U.S.
citizens have had some type of college education and about
27% obtain a degree. Higher education is intended to develop
students into independent, analytical thinkers. If a quarter of
our population is college educated, and these people are
independent thinkers, then why are U.S. citizens becoming
more neutral in their views of evolution, a well-established
scientific theory?
This study aims to investigate the relationships between
evolution education, the nature of science, and religious
beliefs in U.S. universities by reviewing published research.
Specifically, we aim to identify the relationships between
the following constructs in U.S. undergraduate students:
understanding of ET, acceptance of ET, instruction in ET,
prior exposure to ET, religious beliefs, understanding the
nature of science, and understanding scientific theories.
Methods
A review of the literature was conducted to ascertain pub-
lished studies of evolution education in U.S. universities.
We looked for studies that described at least two of the
following seven constructs: understanding of ET, accep-
tance of ET, instruction in ET, prior exposure to ET, reli-
gious beliefs, understanding the nature of science, and
understanding scientific theories. The following databases
supported by EBSCO, an educational database vendor, were
searched for articles published from 1980 to 2010:
Academic Search Complete, ERIC, Masterfile Premier,
Education Research Complete, Professional Development
Collection, Psychology and Behavior Science Collection,
PsychINFO, Topic Search, and Science and Technology
Collection. We also conducted searches through Wilson
Web, Web of Knowledge, and Google Scholar. The follow-
ing key terms were searched in varying order and assortment
within each database vendor: evolution, education, teaching,
university, attitude, knowledge, understanding, acceptance,
religion, undergraduate, assessment, and evaluation. In ad-
dition to database vendors, we searched the literature cited
by each article included in the review. Using these methods,
we feel confident that our review exhausted the available
published literature on evolution education in U.S. univer-
sities over the last 30 years.
In order to conduct a comparative review, it is necessary
to standardize the constructs used across all studies.
Researchers tend to vary in the way they label each specific
construct even though they often are similarly defined with-
in the publications. Although some might argue that these
constructs do not fully encompass their definitions, as de-
fined for this review, the constructs include the major
aspects addressed in the studies and provide a common
metric to evaluate them. For example, we use the term
Evo Edu Outreach (2012) 5:453–465 455
understanding of ET (Scharmann 1990; Sinclair et al. 1997;
Sinatra et al. 2003) to cover constructs such as knowledge
(Brem et al. 2003; Rice et al. 2011; Wilson 2005) and
conception (Bishop and Anderson 1990; Demastes et al.
1995). Acceptance of ET (Sinatra et al. 2003; Sinclair et
al. 1997; Wilson 2005) was used to include belief (Bishop
and Anderson 1990; Brem et al. 2003; Demastes et al. 1995)
and attitude toward evolution (Rice et al. 2011; Scharmann
1990). We also used religious belief as a construct that
includes theistic position (Rice et al. 2011) and religious
orientation (Wilson 2005).
Results and Discussion
Through an exhaustive literature search we identified 26
articles that discussed evolution education at the university
level over the last 30 years. Five of those studies were
conducted internationally (Dagher and BouJaoude 1997
and 2005; Hokayem and BouJaoude 2008; Gregory and
Ellis 2009; Pecker et al. 2010), four described teaching
strategies for evolution in higher education (Scharmann
1993; Cherif et al. 2001; Alters and Nelson 2002; Kliman
and Johnson 2005), and two studies analyzed less than two
of the constructs studied here (Winslow et al. 2011; Lord
and Marino 1993); therefore, only 15 publications met the
criteria to be included in this review. Comparisons between
studies are represented in Tables 1, 2, 3, 4 and 5, with
Table 1 describing study design, Table 2 detailing partici-
pant demographics, Table 3 comparing the relationships
between constructs, Table 4 suggesting pedagogical strate-
gies for instruction, and Table 5 listing each publication
according to the authors and their university affiliates.
We did not include international universities in the review
because national educational systems are inherently different;
therefore undergraduate students would not be comparable.
Some would argue that undergraduate students from different
states would not be comparable since each state is responsible
for determining their individual K-12 education standards.We
argue, however, that undergraduate students throughout the
U.S. are comparable because state education standards are
based on national standards and are safeguarded by national
organizations (Berkman et al. 2008).
Based on the 15 studies reviewed, we focus primarily on
five trends: understanding and instruction of ET, instruction
and acceptance of ET, acceptance and understanding of ET,
understanding the nature of science and acceptance of ET,
and acceptance of ET and religious beliefs. In the following
comparisons, we only include studies that conducted some
type of statistical analysis to determine a relationship be-
tween constructs. Studies without statistical analysis were
not included because we cannot make any valid conclusions
regarding the relationship between the constructs studied.
There Is a Positive Relationship Between Instruction and
Understanding of ET Three out of five studies (60%) found
that instruction in ET significantly increased students’ un-
derstanding of ET (Table 3: Scharmann 1990; Demastes et
al. 1995; Jensen and Finley 1995; Sinclair et al. 1997; Rice
et al. 2011). As educators we like to believe that levels of
evolution understanding are mediated by instruction; our
results are consistent with this assumption, although only
slightly. Interestingly, the two studies that showed no rela-
tionship between instruction and understanding used an
experimental design (compared two classes, one using an
experimental teaching method and the other using a tradi-
tional teaching method) while the three studies that showed
a statistical relationship used a pre-/post-design with a single
group of students (Tables 1 and 2). In order to make this
association clear, more experimental designs must be con-
ducted. Similarly, two out of three studies (66%) found that
prior exposure to evolution, either through secondary or
higher education, played a significant role in increasing
understanding levels of students (Table 3: Bishop and
Anderson 1990; Demastes et al. 1995; Brem et al. 2003).
There Is a Positive Relationship Between Instruction and
Acceptance of ET Two out of three studies (66%) found a
statistically positive relationship between evolution instruc-
tion and an increased rate of acceptance (Table 3: Matthews
2001; Ingram and Nelson 2006; Rice et al. 2011). All three
studies used similar pre-/post-designs in established courses
of general biology or evolution. This evidence is consistent
with understanding of ET in that instruction will likely
increase students’ understanding as well as their acceptance
levels during the time in which the course is taught.
Lombrozo et al. (2008) found that prior exposure was not
significantly related to acceptance of evolution, suggesting
that instruction only affects short-term acceptance of ET
(Table 3). This highlights an interesting relationship re-
garding short- and long-term understanding and accep-
tance of evolution. According to Brem et al. (2003),
understanding of ET is long term, meaning that past
educational experiences affect students’ current under-
standing of ET. Acceptance of ET, however, may not be
as strongly influenced in the long term (Lombrozo et al.
2008). These studies suggest that students’ acceptance
levels can change during the course of a semester
(Matthews 2001; Ingram and Nelson 2006; Rice et al.
2011) but that they might revert to previous belief sys-
tems over longer periods of time (Lombrozo et al. 2008).
Only four studies have looked at this relationship and
given their lack of overall consistent results, additional
studies that experimentally examine the link between
instruction and acceptance of ET, and how this relation-
ship is modulated by time since instruction, are needed to
make any conclusive remarks.
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There Is No Relationship Between Acceptance And Under-
standing of ET Four out of five studies (80%) indicated that
there was no statistical association between students’ accep-
tance and understanding of ET (Table 3: Bishop and
Anderson 1990; Demastes et al. 1995; Sinatra et al. 2003;
Ingram and Nelson 2006; Rice et al. 2011). These compar-
isons involved a variety of different research designs includ-
ing pre/post, experimental, and cross-sectional. These
results suggest that students do not have to accept evolution
as a valid scientific theory in order to understand the theory
itself. Conversely, it also suggests that understanding evo-
lution will not necessarily influence acceptance of ET. Even
though understanding and acceptance may not be related,
they are both influenced by instruction. Therefore, the best
way to influence students’ understanding and acceptance of
ET is to provide them with positive educational experiences
(described in Table 4).
There Is a Positive Relationship Between Understanding the
Nature of Science and Acceptance of ET Only two of the 15
studies examined the relationship between a students’ un-
derstanding of the nature of science and their acceptance of
ET. Both studies indicate a positive relationship, suggesting
that students are more likely to accept evolution as a valid
scientific theory if they first understand the nature of science
(Table 3: Johnson and Peeples 1987; Lombrozo et al. 2008).
This concept is well recognized by professionals who teach
evolution in both secondary and higher education (Table 4:
Scharmann 1990, 1993; Sinclair et al. 1997; Cherif et al.
2001; Sinatra et al. 2003; Kliman and Johnson 2005;
Lombrozo et al. 2008; Rice et al. 2011). Lombrozo et al.
(2008) also indicate that students will better understand the
nature of science if they have been exposed to it in the past.
This is especially important for primary, secondary, and
introductory level undergraduate science courses. Laying a
solid foundation of what science is, the scientific process,
and what it can tell us, is essential for students to understand
and appreciate scientific theories, such as evolution.
The Relationship Between Acceptance Of ET and Religious
Belief Is Unclear Three studies attempted to study religious
beliefs in regard to evolution but utilized very different
items to measure these constructs (Brem et al. 2003;
Lombrozo et al. 2008; Rice et al. 2011). The results from
these studies provide little evidence to either support or deny
a relationship between students’ religious beliefs and accep-
tance of evolution. Although these studies quantitatively
assessed the relationship between the acceptance of ET
Table 2 Comparison of study demographics for publications investigating evolution education in undergraduate students in U.S. institutions









Johnson and Peeples (1987) 1,812 None ND ND All—54% biology ND Biology
Bishop and Anderson
(1990)
90 Pre (110) ND ND All ND Nonmajor biology
Post (90)
Scharmann (1990) 30 Experimental (13) ND ND ND ND Nonmajor biology
Control (17)
Demastes et al. (1995) 192 Experimental (83) ND ND ND ND Nonmajor biology
Control (109)
Jensen and Finley (1995) 42 Pre (85) ND ND ND ND Biology
Post (42)
Sinclair et al. (1997) 218 Pre/post ND 31/69% 57.5% science related 91% White Introductory zoology
Matthews (2001) 34 Pre (37), Post (34),
Post-Post (34)
ND 19/81% All—78% nonscience 60%
Caucasian
General biology
Mckeachie et al. (2002) 28 Pre (60) ND ND ND ND Introductory biology
Post (28)
Brem et al. (2003) 135 None 18–38/21.7 51/49% All—24% humanities 40% Asian
American
None
Sinatra et al. (2003) 93 None 18–41/20 33/63% All—31% business 84% White Nonmajor biology
Wilson (2005) ND None ND ND All ND Evolution for all
majors
Ingram and Nelson (2006) 225 None ND ND Mostly biology/health ND Upper-level evolution
Robbins and Roy (2007) 141 None ND ND All ND Nonmajor biology lab
Lombrozo et al. (2008) 96 None ND 33/67% All ND None
Rice et al. (2011) 265 Pre-Fr. (82) ND ND Freshman and senior
biology or genetics
ND Fr.—intro biology
and Sr.—no coursePost-Fr. (122)
Sr. (61)
ND no data (The researchers did not report this information in the publication. They may or may not have collected it), Fr. freshman, Sr. seniors
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and religious beliefs, they suffer from substantial but differ-
ent limitations. Below, we discuss the studies, recognizing
the drawbacks in their methodology that preclude clear
interpretations of their findings with the hopes of better
guiding future research.
Brem et al. (2003) and Rice et al. (2011) adopted two
different approaches for identifying participants’ religious
beliefs and views on evolution, but both studies used a
single-answer item measured along a continuum between
evolution and religion. As it is a single item, it can only
measure a single construct; therefore, it cannot be used to
make any comparisons between religious beliefs and evolu-
tion. A single construct like this only explains where a
person’s belief exists on a continuum between religious
beliefs and evolution, blurring the relationship between the
two. Although using a single construct to assess this contin-
uum may be appropriate for some studies, if a researcher is
trying to determine the relationship between the two con-
structs, using a single item is inherently invalid, given that
no comparison can be made. Given this limitation, the
findings reported in these two studies need to be considered
with caution. Brem et al. (2003) reported that acceptance of
ET was positively related to an increase in understanding
and prior exposure, but their measure of acceptance was
based on the continuum between students’ religious beliefs
and views on evolution. Rice et al. (2011) also used this
continuous one-item construct to determine that increasing
students’ understanding of ETwill also increase their accep-
tance of ET. In order to statistically determine validity of
survey items and constructs, there must be at least three
items per construct (Gorsuch 1997); these studies, however,
just used one item to determine acceptance of ET. Lombrozo
et al. (2008) used an approach for determining acceptance
and religious beliefs using multiple, separate items.
Lombrozo et al. (2008) assessed religious beliefs by
using a series of items based on a list of statements. The
relationship between the constructs in this study, however, is
based on individual items and does not represent any kind of
continuum between religion and science. This could be a
drawback of this study considering that not all people may

















































Rice et al. (2011) Yesa
(↑U0↑A)
Noa Yesa (I0↑U)
“Yes” indicates that the researchers identified a relationship between two constructs. “No” indicates that they did not identify a relationship. Arrows
indicate if the construct increased or decreased due to its relationship with another construct. Constructs measured: acceptance of evolutionary
theory (A), understanding of evolutionary theory (U), instruction in evolutionary theory (I), prior exposure to evolutionary theory (PE), religious
beliefs (RB), and understanding the nature of science (NS)
a Results were analyzed statistically
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view science and religion as mutually exclusive domains.
Winslow et al. (2011), for instance, suggest that most peoples’
beliefs exist on a continuum and that very few people are
strictly creationists or evolutionists. Having two items, how-
ever, allows for a direct comparison between the two con-
structs of religious belief and acceptance of ET. Lombrozo et
al. (2008) found that students with strong religious beliefs
were less likely to accept ET than those without well-
established religious beliefs (Table 3). Two items from the
religiosity scale accounted for the majority of this negative
correlation—belief in God and in an afterlife. Surprisingly, the
item concerning perceived conflict between science and reli-
gion was not significantly correlated with students’ responses
on the evolution acceptance items.
When considering assessing religious beliefs, it is crucial
to consider the nature of religion and specifically whether
the items allow for religions with single as well as multiple
divine entities. The construct used by Brem et al. (2003), for
instance, does not assume a specific monotheistic religion,
and participants were allowed to express their beliefs on a
continuum. The authors also allowed participants to further
express their beliefs if they thought it was necessary, using
an open-ended item. For the sample in this study, a single
item was sufficient for 58% of the participants to express
their views on religion and evolution. Thirty-four percent of
the participants felt that it was an adequate scale if they were
allowed to choose more than one statement. Therefore, more
than 90% felt that they were able to express their views
using the quantitative scale without having to supplement
with qualitative information. Rice et al. (2011) used an item
that presented a continuum of beliefs but represented only a
limited amount of religions (Judaism, Christianity, and
Islam) by including the creation story found in Genesis.
Considering that the study was conducted at a public uni-
versity and not a private religious-based university, it is
likely that this particular item was not relevant to all reli-
gions practiced by the students. Lombrozo et al. (2008) used
a scale that presented religion ambiguously in that no par-
ticular religious God was identified. It did, however, assume
a monotheistic God. Instruments that allow for diverse reli-
gious beliefs are necessary to examine its relationship with
science. Such instruments are crucial for studies investigat-
ing higher education in the U.S., considering the increase in
religious diversity in this country over the last decades
(Wuthnow 2007).
Finally, one of the most prominent issues with the con-
structs used by the studies described above is that no infor-
mation is given concerning the validity of the items;
therefore, it is unclear if the authors measured what they
were designed to measure—the continuum between reli-
gious beliefs and acceptance of evolution. Brem et al.
(2003) and Rice et al. (2011) claimed to pilot-test their
instruments but no data were given to validate that state-
ment. Lombrozo et al. (2008) do not mention piloting their
Table 4 Suggestions for increasing student understanding of evolution based on the fifteen studies included in this review, along with four
additional studies that described teaching strategies in higher education, and Craig Nelson’s essay (2000)
Suggestions Publication
Clearly define and discuss the nature of science Scharmann (1990, 1993), Sinclair et al. (1997), Nelson (2000), Cherif et al. (2001),
Alters and Nelson (2002), Sinatra et al. (2003), Kliman and Johnson (2005),
Lombrozo et al. (2008), and Rice et al. (2011)
Clearly define and discuss scientific theories Scharmann (1993), Sinclair et al. (1997), Nelson (2000), Alters and Nelson (2002),
Wilson (2005), Kliman and Johnson (2005), and Lombrozo et al. (2008)
Develop critical thinking skills Nelson (2000), Alters and Nelson (2002), Ingram and Nelson (2006), and
Lombrozo et al. (2008)
Use a diversified instructional strategy based on active
learning techniques
Scharmann (1990, 1993), Jensen and Finley (1995), Sinclair et al. (1997), Nelson
(2000), Cherif et al. (2001), Alters and Nelson (2002), McKeachie et al. (2002),
Sinatra et al. (2003), and Wilson (2005)
Discuss religious beliefs along with evolution but do not be
adversarial concerning student’s religious beliefs
Johnson and Peeples (1987), Sinclair et al. (1997), Matthews (2001), Sinatra et al.
(2003), Ingram and Nelson (2006), and Robbins and Roy (2007)
Discuss the students’ tendency to make a dichotomous choice
between evolution and religious beliefs
Scharmann (1990), Sinclair et al. (1997), Nelson (2000), and Alters and Nelson
(2002)
Utilize a conceptual-change learning model (a constructivist
approach)
Bishop and Anderson (1990), Scharmann (1993), Demastes et al. (1995), Jensen
and Finley (1995), Matthews (2001), and Alters and Nelson (2002)
Discuss multiple perspectives associated with evolution and
their implications on society
Brem et al. (2003) and Wilson (2005)
Use the theory of evolution as a central theme for developing
course content in introductory biology courses
Sinclair et al. (1997)
Discuss human evolution Nelson (2000) and Wilson (2005)
Explain to students that evolution is important in their
everyday lives
Kliman and Johnson (2005)
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instrument. Even though some of the instruments they used
are based on previous instruments, the authors also claim to
have created some new items. All three publications failed to
distinguish between new and old items; therefore, it is impos-
sible to know whether the items measuring religious belief are
valid or reliable. Any future studies using these items should
be tested, and the investigators should also report how such
items perform statistically. Overall, researchers interested in
directly examining the effect of religious beliefs on the
acceptance of ET must be especially careful to design instru-
ments that accurately and precisely assess the constructs they
intend to measure. We strongly recommend careful attention
to the following three aspects: avoiding using a single con-
struct, using instead a series of items that represent a contin-
uum between religious beliefs and science; use of instruments
that do not assume monotheism or specific religious views;
and testing and reporting the validity of the instruments used
in the study.
Table 5 Date, journal, author, and university affiliate of each publication used in the review
Year Author Author’s department or college and university (at time of publication) Journal
1987 Johnson, R.L. Biology, Springfield College The American Biology Teacher
Peeples, E.E. Biology, University of Northern Colorado
1990 Bishop, B.A. College of Education, Michigan State University Journal of Research in Science Teaching
Anderson, C.W. College of Education, Michigan State University
1990 Scharmann, L.C. Center for Science Education, Kansas State University School Science and Mathematics
1995 Demastes, S.S Educational Studies, University of Utah Journal of Research in Science Teaching
Settlage, J. Jr. College of Education, Cleveland State University
Good, R. Curriculum and Instruction, Louisiana State University
1995 Jensen, M.S. General College, University of Minnesota Science Education
Finley, F.N. College of Education, University of Minnesota
1997 Sinclair, A. NA, Southeastern Louisiana University Journal of Research and Development in
EducationPendarvis, M.P. NA, Southeastern Louisiana University
Baldwin, B. NA, Southeastern Louisiana University
2001 Matthews, D. The Sage Colleges in Albany and Troy The American Biology Teacher
2002 McKeachie, W.J. Psychology, University of Michigan The American Biology Teacher
Lin, Y.G. Center for Research on Learning and Teaching, University of
Michigan
Strayer, J. Biology, Washtenaw Community College
2003 Sinatra, G.M. Educational Psychology, University of Nevada Journal of Research in Science Teaching
Southerland,
S.A.
Middle and Secondary Education, Florida State University
McConaughy, F. NA, Weber State University
Demastes, J.W. Biology, University of Northern Iowa
2003 Brem, S.K. Psychology in Education, Arizona State University Science Education
Ranney, M.a Cognition and Development, University of California, Berkley
Schindel, J. Psychological Studies in Education, Stanford University
2005 Wilson, D.S. Biology and Anthropology, Binghamton University PLoS Biology
2006 Ingram, E.L. Applied Biology and Biomedical Engineering, Rose-Hulman Institute
of Technology
Journal of Research in Science Teaching
Nelson, C.E. Biology, Indiana University
2007 Robbins, J.R. Biology, Xavier University The American Biology Teacher
Roy, P. Biology, Xavier University
2008 Lombrozo, T.a Psychology, University of California, Berkley Evolution Education Outreach
Thanukos, A.a Museum of Paleontology, University of California, Berkley
Weisberg, M. Philosophy, University of Pennsylvania
2010 Rice, J.W. Ecology, Evolution, and Organismal Biology, Iowa State University Evolution Education Outreach
Olson, J.K. Curriculum and Instruction, Iowa State University
Colber, J.T. Ecology, Evolution, and Organismal Biology, Iowa State University
NA not applicable (the department was not indicated in the publication)
a Notice that no two authors are the same for any publication. Only a single university is represented in two separate publications, the University of
California, Berkley; however, the authors are from different departments and the publications are five years apart
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Apparent Problems for Evolution Education in Universities
Although some trends were recognized in the published
studies, there is still much to be learned in this area. The
primary problems associated with this field of research are:
small sample size, varying methodologies, lack of statistical
analysis, inappropriate use of constructs, and lack of conti-
nuity among studies. In our literature review, we found 26
studies that relate to evolution in higher education; only 15
of those, however, directly assessed at least two of the most
commonly studied constructs in evolution education. The
low number of constructs shared among studies, combined
with the few studies published in this field, increases the
challenge of recognizing overall trends within and among
constructs. In addition, there is a lack of standardized meth-
odology for evaluation among the few studies published.
This methodology need not be a strict protocol of constructs
and evaluative instruments, but the field desperately needs a
general framework on which to base all future studies.
Without a general framework, research in this field will
persist with sporadic, haphazard side projects that will con-
tinue to disjoin the field of university-level evolution edu-
cation instead of building on established knowledge.
Another concern regarding studies published in this field
over the last 30 years is the lack of use of statistical tools to
evaluate the relationships among variables. Researchers of-
ten drew strong conclusions from data that may not be
statistically supported. Some studies were strictly quantita-
tive while others used a mixed methods approach (none of
the studies compared used a strictly qualitative methodolo-
gy), so each publication should be reporting statistical anal-
yses and making conclusions strictly on those results that
are statistically supported. Hand-waving speculation is sus-
ceptible to being affected by preliminary biases and thus
does nothing to advance this important and developing field.
Careful attention should be paid to each intended construct
and the items used to measure that construct. For example,
researchers should be careful to avoid using items that only
assess specific religious beliefs in populations where multiple
religions are likely to occur. Also, it is unlikely that most
people view religion and science as mutually exclusive
domains, so an ordinal or continuous scale should be used to
measure this interface. Lastly, researchers should be attentive
to the number of items used to measure the relationship
between religious beliefs and acceptance of ET.
Comparisons between these constructs cannot be made if a
single item is used. In order to avoid such problems, it would
be highly beneficial for evolution educators to collaborate
with experts in survey development and design. Often the
researchers developing projects in this field are experts in
evolution, but they lack the skills to develop an instrument
that is both reliable and valid when measuring evolution
constructs. Given the strong interdisciplinary aspect of
projects like these, which bridge between evolution and edu-
cation, collaborations among experts from both fields are
necessary to develop robust methodologies.
Finally, there is no expert in the field of university-
level evolution education. Based on the 15 publications
cited, not a single study shared authors (Table 5), sug-
gesting that these studies were probably side projects or
graduate student projects. Once a paper was published,
the authors did not follow up their study to further
examine the complexity of the relationships detected.
Both C Nelson and B Alters have multiple publications
discussing this field, however, both researchers lack a
sufficient number of empirical publications on the issue
(Nelson 2000, Alters and Alters 2001, Alters and
Nelson 2002, Ingram and Nelson 2006). Moreover,
there is a vast array of departments represented in the
publications, ranging from the obvious biology and ed-
ucation departments to the Museum of Paleontology.
Even the universities represented in the publications
were different. Only a single university was represented
more than once among the authors, University of
California at Berkley. These studies, however, were
published five years apart and the authors were from
different departments, suggesting that these projects do
not represent a natural continuation of a growing idea.
In summation, there is a strong lack of consistency
among those researchers who have published on
university-level evolution education.
According to this analysis, evolution education is associ-
ated with an increase in understanding and acceptance of
ET. Even though these results indicate that evolution edu-
cation works, the limitations identified in the 15 publica-
tions reviewed emphasizes the need for more empirical
evidence. If scientists want to persuade policy makers and
curriculum designers to include an evolution course for all
undergraduate students, then the field needs a stronger re-
search foundation.
Strategies for Teaching Evolution in Higher Education
Although the lack of consistency in authorship presents
apparent problems with methodology and connectedness
of research, it does provide us with a diverse set of sugges-
tions on how to make evolution education in universities
more productive. Table 4 provides suggestions for education
presented in the 15 publications studied, four studies that
described teaching strategies in higher education, and Craig
Nelson’s essay titled “Effective Strategies for Teaching
Evolution and other Controversial Topics” (2000). Below,
we elaborate on these suggestions with specific examples
(see Table 4 for references).
First and foremost, it is important for instructors to es-
tablish a good understanding of the nature of science and of
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scientific theories. Without this knowledge, students will not
be able to objectively assess the theory of evolution. In
addition, students must learn to think critically about sci-
ence. This can be done by emphasizing the role of discov-
ery, innovation, and creativity in scientific hypotheses and
methodologies. Similarly, it would be beneficial to demon-
strate how scientists use experiments to test ET to facilitate
linking student understanding of the scientific process with
ET itself.
Current educational research shows the importance of
using various instructional methods and incorporating a
number of active learning strategies in order to increase
the probability of learning among their students
(Armbruster et al. 2009; Freeman et al. 2007; Wood 2009).
Here we include a list of general teaching strategies sug-
gested by the researchers cited in Table 4: design experi-
ments that require students to make their own conclusions
based on scientific evidence; allocate a specific amount of
time to discuss students’ misconceptions; and conduct small
group discussions to induce and reinforce student learning
(Scharmann 1990, 1993; Jensen and Finley 1995; Sinclair et
al. 1997; Cherif et al. 2001; McKeachie et al. 2002; Sinatra
et al. 2003; Wilson 2005). In addition to general strategies,
these researchers included some techniques that are specific
to evolution education: organize field trips to observe differ-
ences in flora and fauna first hand; use multimedia in class-
rooms so that students can visualize the earth’s biodiversity;
mediate interactive discussion sessions regarding the poten-
tial controversies between evolution and creationism; have
students write personal evaluations concerning evolution
and justify their reasoning; have students choose a topic
(e.g., morning sickness during pregnancy or the antimicro-
bial properties of spices) to explore from an evolutionary
perspective; utilize readings in natural history to study evo-
lutionary principles; use geological concepts to teach evo-
lution; and have students debate evolution, creationism, and
the compatibility of both (Scharmann 1990, 1993; Jensen
and Finley 1995; Sinclair et al. 1997; Cherif et al. 2001;
McKeachie et al. 2002; Sinatra et al. 2003; Wilson 2005).
Based on our experience, successful strategies also include
active learning exercises that create excitement in the class-
room and guide students to solve by themselves mysteries
for which the answer is found only once considered in the
light of evolution. Such activities promote self-discovery
and ignite the curiosity of students to learn about ET.
Given that over 60% of the students in our evolution class
intend to pursue health-related professions, activities related
to Darwinian medicine or forensic science are particularly
effective.
The level of compatibility between science and religion is
a major concern for many students and should be addressed
by professors. Researchers emphasize the importance of
discussing religious beliefs along with ET while not being
adversarial concerning student’s religious beliefs (Johnson
and Peeples 1987; Sinclair et al. 1997; Matthews 2001;
Sinatra et al. 2003; Ingram and Nelson 2006; Robbins and
Roy 2007). These authors suggested that the goal of an
educator should not be to persuade students to accept evo-
lution but to explain what science can and cannot explain—
to take their beliefs seriously while also emphasizing that all
claims will be scrutinized scientifically. This will help stu-
dents discriminate between real science and nonscience.
Also, it is important to discuss students’ tendency to make
a dichotomous choice between evolution and their religious
beliefs. The two do not have to be mutually exclusive, even
though many fundamentalists believe them to be.
Three of the 15 studies reviewed described using a con-
ceptual change (constructivist) approach to evolution edu-
cation (Jensen and Finley 1995; Demastes et al. 1995, and
Bishop and Anderson 1990). This model allows students to
express their initial ideas of evolution, encourages student–
student and teacher–student interactions, and allows stu-
dents to reflect on evolutionary concepts through relevant
learning experiences. Although this model is recommended
by three publications, it is important to note that only Jensen
and Finley (1995) found that instruction using conceptual
change increased student understanding of evolution over
the course of the semester. Demastes et al. (1995) and
Bishop and Anderson (1990) showed that conceptual–
change instruction and understanding were not related.
The conceptual–change model of learning is still question-
able in evolution education at the university level, and
studies comparing the effectiveness of this model to tradi-
tional ones in increasing understanding and acceptance of
ET are necessary.
In addition to the general strategies listed above,
researchers have suggested three course content modifica-
tions to improve students’ understanding of evolution. First,
any instructor teaching a biology course should be using the
theory of evolution as a central theme for course content
development (Sinclair et al. 1997). Second, it is beneficial to
discuss the molecular, paleontological, and behavior evi-
dence supporting human evolution (Nelson 2000; Wilson
2005). Lastly, explain to students that evolution is important
in their everyday lives by affecting healthcare, agriculture,
the economy, etc. For example, people die in large numbers
from pathogens, and insects develop resistance to pesticides;
both of which can affect the nation’s economy (Kliman and
Johnson 2005). By using these examples, you can help
students to connect everyday occurrences to bigger social
issues like morality and social equality (Brem et al. 2003;
Wilson 2005).
Based on the literature, we found that instruction has a
significant and positive effect on acceptance and under-
standing of ET; acceptance and understanding, however,
are not directly related. We also found that the relationship
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between acceptance of ET and religious beliefs is unclear
and needs further research. Through reviewing 15 published
studies, we found that the primary problems associated with
this field of research are: small sample size, varying meth-
odologies, lack of statistical analysis, inappropriate use of
constructs, and lack of continuity among studies. We also
discussed teaching strategies that researchers claim to be
beneficial for undergraduate students. This review exposes
the need for a unifying framework and development of
experts in this field to investigate and understand the factors
that affect evolution education at U.S. universities. After a
unified framework is developed, future studies in this field
could concentrate on explaining how misconceptions have
the potential to impede appropriate understanding of evolu-
tion and describing if (and which) religions interfere with
the acceptance of evolution and how those beliefs bias
student understanding.
Conclusions
Clearly, there is a strong interest in undergraduate evolution
education among many disciplines, but research efforts have
been spread over several studies that are not comparable.
Unfortunately, this has caused the field to be disjointed,
making it hard to identify general trends across research
projects. This review is an invitation to establish collabora-
tions between experts in evolution and education to develop
a robust and standardized framework so studies build upon
each other and allow us to move beyond detecting patterns
of association among constructs to investigating the causal-
ity of those relationships.
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